Purpose: Patients with epilepsy often complain of non-restorative sleep. This is the consequence of the acute effect of seizures and the chronic effect of epilepsy responsible for disrupting sleep architecture. Other factors such as antiepileptic drugs (AEDs), also play a role in the alteration of sleep organization. The aim of this study was to evaluate the specific effect of seizures and interictal epileptiform abnormalities (IEAs) on sleep, in particular to see whether reducing seizure frequency by epilepsy surgery might improve sleep organization in these patients. Methods: Eleven patients with refractory mesial temporal lobe epilepsy, who underwent surgical treatment and who were seizure free at the follow-up, were included in the study. Treatment with AEDs was not significantly modified before the second year of follow-up. Patients were evaluated before surgery, at 1-year and 2-year follow-up visits with a videoEEG monitoring (24 h/24). At each follow-up visit, interictal epileptiform abnormalities and sleep macrostructure parameters were assessed. Results: All patients showed a reduction of their IEAs. At 1-year follow-up, total sleep time and REM sleep increased significantly (p = 0.032 and p = 0.006, respectively). At 2-year follow-up, an important increase of REM sleep was observed (p = 0.028). Most significant variations were noted 1 year after surgery. No significant variations were observed between the first and the second year after surgery. Conclusions: Surgical treatment of temporal lobe epilepsy may improve sleep macrostructure by reducing the number of seizures and of IEAs. These results indirectly confirm the role of epilepsy in disrupting sleep organization chronically.
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how this type of epilepsy disrupts sleep due to an acute effect of nocturnal seizures that can alter sleep continuity, and also due to a chronic effect of epilepsy that results in an impaired organization of sleep. 10 Thus, the effect of seizures seems to last much longer than the postictal period. 13 The aim of our study was to determine the specific effect of seizures and IEAs on sleep, eliminating other confounding variables such as AEDs, and to show how epilepsy surgery is able to improve sleep quality by decreasing seizure frequency.
Materials and methods

Population
Patients referred to our center for surgical treatment of refractory mesial temporal lobe epilepsy (MTLE) were evaluated. Prior to the beginning of the study subjects were instructed to keep a sleep diary for 2 weeks in order to detect possible circadian rhythm disorders. In addition, to exclude the presence of any sleep disorders, subjects had to fill in some sleep habits questionnaires, inquiring about insomnia symptoms (such as difficulty in falling asleep, frequent awakenings with difficulty in falling back to sleep and early morning awakenings), 14 restless legs syndrome -RLS (the four questions proposed by the international RLS Study Group -IRLSSG), 15 sleep apnea syndrome -OSAS (the Berlin questionnaire), 16 excessive daytime sleepiness (the French version of the ESS), 17 the presence of sleepwalking and nightmares (specific questions of the Hatoum's sleep questionnaire), 18 the presence of movements of the body or limbs associated with dreaming and potentially harmful sleep behavior indicating a possible REM sleep behavior disorder -RBD. Patients were included in the study if they were seizure free at the follow-up (classified as Engel's Class I). 19 Those enrolled in this study were evaluated before surgery and 1 and 2 years after surgery by the same investigator. Treatment was not significantly modified (neither the number of drugs nor the dosage) before the second year of follow-up. All patients signed an informed consent to the study.
Sleep analysis
Patients underwent a continuous video-EEG monitoring for 5 days (24 h/24 h) in the pre-surgical period, and for 24 h at the follow-up, after 1 and 2 years. The sleep schedule in the sleep laboratory was similar for all subjects. Lights off was at 10.30 pm and lights on at 7.30 pm. Lights were turned off exceptionally 1 h before in one case because expressly requested by the patient. The international 10/20 system was used for all EEG monitorings. As this electrode placement neglects the anterior and inferior temporal pole, we systematically used supplementary lower temporal lobe electrodes. T1 and T2 were placed 1 cm above and one third of the distance along the line from the external auditory meatus to the lateral canthus of the eye. TA1 and TA2 (temporal-anterior) were placed 1 cm above and two thirds of the same distance anterior to the auditory canal. 20, 21 The electrodes were glued directly onto the scalp. Polygraphy with deltoid and chin muscles was added. Sleep macrostructure was evaluated according to the American Academy of Sleep Medicine manual for the scoring of sleep. 22 The following sleep macrostructure parameters were obtained: sleep onset latency (SL): elapsed time between lights off and the first appearance of stable sleep; total sleep time (TST): length of time from sleep onset to awakening minus wakefulness after sleep onset (WASO); WASO: the time spent awake between sleep onset and awakening; sleep efficiency index: the percentage ratio between TST and time in bed; number of awakenings; total duration (expressed in minutes and in percentage of the TST) of sleep stages 1 (S1) and 2 (S2), of slow wave sleep (SWS) and of rapid eye movement (REM) sleep; latency of REM sleep (REM-L). The presence of IEAs was quantified. Solely during the pre-surgical hospitalization, in order to observe a seizure, dosage of AEDs was progressively reduced as follows: reduction of 25% on the first day, 50% on the second day, 75% on the third day, absence of treatment on the fourth day and reprise of normal treatment on the last day. However, pre-surgical evaluation of sleep macrostructure was performed on the second night of recording before the important reduction of AED dosages. In order to exclude any acute disrupting effect of seizures on sleep, recordings were considered for evaluation only if no seizures had occurred in the previous 24 h and during the night. Sleep deprivation was performed on the third night. Statistical analysis was performed using version 9 of the SAS software (SAS Institute, Cary, N.C.).
Statistical analysis
Results
Eleven patients (median age of 36.2), 4 females and 7 males, who underwent surgical treatment (anterior temporal lobectomy with amygdalo-hippocampectomy) for refractory MTLE, were recruited in our study. MRI findings were consistent with hippocampal sclerosis in 45% of patients and with hippocampal atrophy in all other patients. Epileptogenic focus was lateralized to the right in 72.7% of patients and to the left in 27.3% of patients. All patients had a history of febrile seizures. Mean age for the onset of epilepsy was 14.9 years. The time window between the onset of epilepsy and the surgical treatment was 26.7 years. Before surgery mean seizure frequency was 4.77/month. Seizures occurred mainly during daytime. At the 1-year follow-up patients reported almost no seizures (mean frequency 0.09/month) and at the 2-year followup all patients were seizure free (see Table 1 ). According to the Engel classification, all patients were classified as Class IA, seizure free, at the follow-up (1 and 2 years after surgery). 19 Treatment consisted of a mean of 3 AEDs per month before surgery (range 2-5), a mean of 2.36 AEDs per month 1 year after surgery (range 1-5) and a mean of 1.55 AEDs per month 2 years after surgery (range 0-4). Table 2 ). A hypnogram of one patient can be seen in Fig. 1. 3.2. Post-surgical evaluation at 1 year
Interictal epileptiform abnormalities
Interictal paroxysmal activity, consisting of spikes, was observed during SWS in 2 patients. In these patients, paroxysmal activity was present only during NREM sleep and absent during diurnal EEG both in wakefulness and during REM sleep. Breach rhythm was observed over the temporal region in 4 patients.
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Post-surgical evaluation at 2 years 3.3.1. Interictal epileptiform abnormalities
Two years after surgery paroxysmal activity was not observed in any of the patients.
Sleep architecture
The Fig. 1 . Table 3 , Figs. 2 and  3) . No significant correlation was observed between the variation of seizure frequency and the variation of AEDs (r = À0.134; p = 0.695).
Presurgery-2 years
At the 2-year follow-up a significant increase of REM duration was observed (p = 0.028). An increasing trend was observed for TST (p = 0.064). A decreasing trend was observed for the number of awakenings (p = 0.079) and % of stage 1 (0.082) (see Table 4 , Figs. 2  and 3 ). No significant correlation was observed between the variation of seizure frequency and the variation of AEDs (r = À0.294; p = 0.794).
1 year-2 years
No significant variations of sleep macrostructural variables were observed between the two moments of evaluation.
Discussion
In this study we were able to analyze sleep architecture in 11 patients who underwent surgical treatment for MTLE and who were seizure free at the 2-year follow-up (Engel's Class IA). In particular, the effect of surgery on sleep was studied by comparing sleep architecture before and after surgery. Our aim was to examine the exclusive effect of seizure and IAEs on sleep, eliminating the effect of AEDs. AEDs indeed present various effects on sleep depending on the type and generation of drugs. 4, 23 Their effect can be either beneficial or destructive. 5 In our study no significant variations in the number of AEDs and in the dosage of drugs occurred before the second year follow-up. In addition, no correlation was found between the variations of AEDs and the variation of sleep parameters. Lastly, since the most important variations of AEDs were done before the 2-year follow-up and no modifications of sleep variables was observed between the two post surgical moments of evaluation, these changes of AEDs did not seem to have interfered with the sleep architecture. Therefore, the variations seen in the sleep structure can be regarded as the consequence of the reduction of seizures and of IAEs achieved after epilepsy surgery. The reduction of seizures was presumably more important than the reduction of IEAs in causing the amelioration of sleep. In fact, all our patients were completely seizure free at the 2 moments of follow-up, whereas IEAs, although reduced, were still present 1 year after surgery, when the improvement of sleep had already been obtained. An association between the reduced number of seizures and the improvement of sleep architecture was found. In particular, major variations were seen within the first year after surgery, whereas no significant variations were demonstrated between the first and the second year. By reducing the number of seizures, surgery determined an increased duration of total sleep time (p = 0.032) and of REM sleep (p = 0.006) and of the percentage of REM sleep (p = 0.035) at the 1-year follow-up. At the second year, a significant increase of REM sleep duration (p = 0.028) and a trend toward a reduced number of awakenings was observed (p = 0.079). The increased TST and REM sleep observed in our patients at the moment of complete absence of seizures, confirm the role of epilepsy in disrupting sleep. In fact, temporal lobe seizures, and particularly when secondarily generalized, have been associated with a decreased TST and REM sleep in previous studies. 6, 12 Previous studies have also demonstrated an association between TLE and reduced SWS, thus, in our study an increased SWS was to be expected. However, the trend to an increased duration of SWS that we observed, although interesting, was not statistically significant.
The presence of some limitations must be considered. First of all, the small sample size and the absence of a control group. Indeed the presence of a control group, with patients who underwent epilepsy surgery and were not seizure free at the follow up, could have strengthened the results. Unfortunately, the analysis of sleep requiring hospitalization, the 2 years of follow-up, the selection of patients seizure free after surgery and the exclusion of other sleep disorders (a possible confounding variable), made it difficult to include more patients and to have a control group.
In addition this study also presents some limitations regarding the analysis of sleep. First of all, sleep analysis was not performed using nocturnal polysomnography, mainly because patients were assessed for epilepsy and not for a sleep disorder and the international 10/20 without electro-oculogram (EOG) and limbs and chest electrodes were used. Although in the absence of a nocturnal polysomnography, we think that the supplementary lower temporal electrodes can be a valid substitute of the EOG to detect eye movements. The lack of the conventional EEG derivation for sleep studies (C3-A1; C4-A2) made the detection of delta waves of sufficient amplitude (>75 mV) more difficult. However, this limitation should not have had any role, since stage 3 and stage 4 of NREM sleep were scored together as SWS.
Finally, although we did not find any correlation between the changes in drug regime and the modifications of sleep patterns, we cannot completely exclude a possible subtle interference of the therapeutic changes with our results. Similarly we cannot entirely exclude that the absence of seizures obtained with surgery and the surgery itself may have modified the psychopathological conditions of our patients, causing modifications of their sleep patterns dependent on the changes in their second morbidity.
Nevertheless, despite these limitations, we think that our study seems to indicate that epilepsy surgery, by greatly decreasing seizure frequency and IEAs, may contribute to improve sleep architecture. In particular an increased TST and REM sleep has already been observed 1 year after surgery. These results indirectly confirm the role of epilepsy in disrupting sleep organization chronically.
